Study Design: Retrospective study.
Introduction
Anterior cervical discectomy and fusion (ACDF) is a commonly performed procedure with excellent and reliable outcomes, fast recovery, and reasonable morbidity rates compared with posterior approaches. [1] [2] [3] The number of ACDF procedures performed in the United States has increased almost 8-fold from 1990 to 2004, 4 accounting for the majority of outpatient cervical spine surgeries (68%) compared with posterior decompression (21%). 1 In the burgeoning era of rising health care costs and greater scrutiny over surgical outcomes, there has been increasing emphasis on understanding the risk factors and possible predictors to optimize perioperative planning and management.
Across various surgical disciplines, many studies have demonstrated consistently that operative duration is a component of surgical risk. [5] [6] [7] [8] Longer operative times have been shown to correlate with postoperative surgical and medical morbidity and mortality as well as hospital stay. In recent national database investigation, Kim et al 6 performed a retrospective cohort analysis of 1 432 855 patients and showed that patients undergoing the longest procedures experienced a 1.27-fold increase in the odds of developing venous thromboembolism (VTE). However, anesthesia time is one parameter that has not been well studied or incorporated into current risk stratification models.
Several studies have hypothesized and reported associations between prolonged anesthesia time with complications including postoperative nausea and vomiting, 9 thromboembolism, 6, 10, 11 postoperative infection, 12, 13 core hypothermia, 14 cardiopulmonary complications, 15, 16 and mortality. 17, 18 However, few studies have specifically assessed possible associations between anesthesia duration with postoperative complications in the orthopedic or spinal surgery. Given the ageing population and high prevalence of cervical spine degeneration, ACDF is likely to remain as a mainstay surgical treatment for such patients. As such, understanding the relationship between anesthesia duration and postoperative complications following ACDF may be valuable for optimizing perioperative planning, surgical technique, and cost containment.
We sought to address this limitation in the evidence by analyzing data form the American College of Surgeons' National Surgical Quality Improvement Program (ACS-NSQIP), with the goal of elucidating any potential associations between anesthesia time with postoperative outcome and complications following elective ACDF.
Materials and Methods

Data Source
The ACS-NSQIP database, a prospectively maintained registry with more than 700 participating academic and private centers, was the data source utilized for the present study. With data cumulative of more than 200 variables relating to patient demographics, clinical characteristics, complications, and short-term (30 days) longitudinal follow-up for various surgical procedures, the ACS-NSQIP permits monitoring and quantification of clinical outcomes, and defining quality metrics across all surgical specialties. The average interrater reliability disagreement rate for participating sites from all audits till date is estimated at 2%. Further information on ACS-NSQIP can be accessed at http://www.acsnsqip.org. 
Patient Selection and Data Collection
Explanatory and Control Variables
Recorded patient characteristics included baseline demographics, comorbidities, operative variables, intraoperative complications, and postoperative complications. Patient demographics included age, gender, race (white, black, Hispanic, other), BMI, American Society of Anesthesiologists (ASA) class, inpatient or outpatient status, diabetes, smoker, alcohol use >2 drinks/day in 2 weeks before admission, dyspnea (at rest, on moderate exertion, or none), and functional dependence prior to surgery (independent, partially dependent, or totally dependent). Comorbidities and operative variables included pulmonary comorbidities, cardiac morbidities, peripheral vascular disease, dialysis, impaired sensorium, neuromuscular injury, strokes, corticosteroid use, recent weight loss, bleeding disorders, and level of fusion (single vs multilevel). ACDF patients reported in the database showed undergoing general anesthesia rather than local or other types of anesthesia. The total anesthesia time was recorded from the time when the anesthesia started to the time when anesthesia administration ended. Patients were subdivided equally into quintile cohorts based on general anesthesia time: Group 1 (n ¼ 761, 48-129 minutes); Group 2 (n ¼ 760, 129-156 minutes); Group 3 (n ¼ 760, 156-190 minutes); Group 4 (n ¼ 760, 190-245 minutes); and Group 5 (n ¼ 760, 245-1025 minutes). This method of dividing patients has previously been described in other ACS-NSQIP studies evaluating anesthesia duration and postoperative complications.
A cardiac comorbidity was defined as a history of congestive heart failure (within 30 days before admission), myocardial infarction (within 6 months before admission), percutaneous coronary intervention, cardiac surgery, angina (within 1 month before admission), or use of hypertensive medication. A pulmonary comorbidity was defined as history of severe chronic obstructive pulmonary disease, or current pneumonia. Peripheral vascular disease was defined as a history of revascularization or amputation for peripheral vascular conditions, and rest pain. Smoking history (current smoker within 1 year) and chronic steroid use (regular use within 30 days before admission) were also assessed.
Outcomes
The primary study outcome was any 30-day postoperative complication following elective ACDF in adults. Complication parameters assessed included any complication, death, pulmonary complications (pneumonia, intubation, ventilator requirement), renal complications (acute renal failure, progressive renal insufficiency), central nervous system complications (strokes and coma), peripheral vascular disease, cardiac complications (myocardial infarction, cardiac arrest), intraoperative/postoperative blood transfusions, VTE, urinary tract infections, sepsis/septic shock, wound complications (superficial and deep surgical site infections, wound dehiscence, organ space surgical site infections). Operative outcomes included graft/flap failure, intraoperative/postoperative blood transfusions, return to operating room (for any surgical procedure), unplanned reoperations (related to initial procedure, data only from 2011-2012), and unplanned readmissions (related to initial procedure, data only from 2011-2012). Univariate and multivariate analysis was used to determine whether anesthetic duration was associated with 30-day postoperative complications.
Statistical Analysis
Descriptive and comparative statistics of demographics, comorbidities, operative details, and postoperative complications were analyzed for all patients. In the univariate analysis, categorical variables were assessed using Pearson's w 2 or Fisher's exact test where appropriate. Continuous variables were examined using 1-way ANOVA test. Variables with a P < .2 in the univariate analysis were carried forward into the multivariate analysis. This specific selection criterion was used to consider as many potential risk factors as possible without compromising the validity of regression models. Multivariate logistic regression analysis was used to determine independent risk factors for 30-day complication rates following elective ACDF. A P value <.05 was considered significant. The overall model was assessed using the C statistic, which is the area under the receiver operating characteristic curve. SAS software (Version 9.3, SAS Institute Inc, Cary, NC) was used for all statistical analyses.
Results
From the ACS-NSQIP database, 3801 adults undergoing elective ACDF were identified. Table 1 ). In terms of baseline characteristics, there were significant differences in terms of the distribution of females (P < .0001), racial distribution (P < .0001), age (P < .0001), ASA class 3 (P < .0001), inpatient versus outpatient (P < .0001), diabetes (P ¼ .008), alcohol use (P ¼ .011), and functional status prior to surgery (P ¼ .0003; Table 2 ). Patients in the highest quintile of anesthesia time were generally more likely to be male, older, ASA class 3, be an inpatient, have diabetes, drink alcohol, and be functionally dependent, in comparison to patients with anesthesia time in the lowest quintile. No significant differences between the quintiles were found in terms of obesity class, smoking, or dyspnea.
In terms of comorbidities, the highest quintile for anesthesia time was associated with the greatest proportion of cardiac comorbidities (50.13%), neuromuscular injury (5.26%), recent weight loss (1.05%), and multilevel fusions (20%) in comparison to Group 1 (lowest quintile). No significant differences between the 5 subgroups were found in terms of peripheral vascular disease, dialysis, impaired sensorium, stroke, steroid use, or bleeding disorders. It was significant to note that greater than 84% of all cases were a single-level ACDF versus 16% of cases that were multilevel fusion (>2 vertebral bodies fusion), which was also present in each of the anesthesia time groups (Table 3) .
Univariate analysis of complications and outcomes following ACDF according to anesthesia group is summarized in Table 4 . Significantly higher rates of any complication (P < .0001), pulmonary complication (P < .0001), intra-/ postoperative blood transfusions (P < .0001), sepsis (P ¼ .017), wound complications (P ¼ .002), total length of stay (LOS) >5 days (P < .0001), and return to operating room (P ¼ .006) was found in the highest quintile compared to the other groups. No significant differences were found in terms of deaths, renal and central nervous system complications, peripheral vascular disease, cardiac complications, VTE, urinary tract infections, graft failure, unplanned reoperations, or readmissions. Multivariate analysis was conducted to determine independent associations with postoperative outcomes and complications ( 
Discussion
Over the past years, advances in surgical techniques and anesthesia care have translated to safe and effective outcomes for patients. 19, 20 Given the continual need to improve current techniques, as well as the increasing economic burden of health care, there has been an increasing emphasis in identifying risk factors for perioperative complications to help optimize preoperative planning, risk stratification, and cost containment.
Traditionally, operative duration has been associated with postoperative morbidity and mortality for a variety of general surgical, vascular, orthopedic, and other procedures. 7, [21] [22] [23] [24] In the setting of spine surgery, Kim et al 25 analyzed 4588 patients from the ACS-NSQIP database who underwent single-level lumbar fusion and showed that increased operative time was associated with stepwise increase in risk of overall complications, medical complications, surgical complications, and transfusions. Additionally, the type of operation as well as operative length is expected to be indirectly related with anesthesia induction and maintenance times, as it dictates the need for invasive monitoring, special patient positioning, and extent of antiseptic preparation. 20 However, current evidence for the surgical literature assessing anesthesia duration and its influence on intraoperative and postoperative complications remains poor, particularly in the spinal and orthopedic literature.
To address this limitation in the current literature, we sought to assess the influence of anesthesia duration for ACDF, a commonly performed cervical spine surgery. Our analysis of a large national database demonstrated that for patients undergoing ACDF, increased anesthesia duration was significantly associated with postoperative complications, specifically pulmonary complications, intraoperative/postoperative blood transfusions, return to operating room, and LOS >5 days. Following adjustment for confounders, a significant independent association was found for overall complications, VTE, return to Abbreviations: ACDF, anterior cervical discectomy and fusion; CNS, central nervous system; OR, operating room.
operating room, and LOS >5 days with increased anesthesia time. These results have multiple implications important for patients, clinicians, and hospital administrators. Several other studies have echoed these results where prolonged anesthesia duration was found to be a risk factor for various complications. VTE remains a cause of serious postoperative morbidity and mortality across all surgical disciplines, and as such is being used as a quality indicator for future hospital reimbursement. 26, 27 Similar to the results of the present study, Clarke-Pearson et al reported general anesthesia duration greater than 3 hours was significantly associated with developing VTE. 15 Similarly, Mlodinow et al reported that increased anesthesia time increased rates of VTE, based on an analysis of ACS-NSQIP plastic and reconstructive surgery. 28 One explanation for this observation is that during anesthesia, supine positioning as well as anesthesia effects can lead to increased venous stasis. 29 Increased venous capacitance and decreased venous return secondary to the vasodilatory effects of anesthesia can precipitate clot formation. As such, longer anesthesia time may predispose patients to an increased risk of VTE. 30, 31 Collectively, these studies imply that increased anesthesia duration is a risk factor for postoperative VTE, regardless of the type of elective procedure performed.
Although not observed in the present study for ACDF cases, other studies have highlighted associations between prolonged anesthesia duration and postoperative cardiopulmonary complications. We hypothesized that ACDF could be considered a less intensive surgical intervention compared to major open thoracic and general surgery, with fewer cardiopulmonary complications such that additional risk of longer duration of anesthesia was not observed. Fisher et al 15 performed a systematic review of non-thoracic surgery studies, which demonstrated that duration of anesthesia and postoperative nasogastric tube placement were strongly associated with postoperative pulmonary complications. Shortening anesthesia duration was demonstrated to reduce the risk of prolonged intensive care unit stay for patients with severe chronic obstructive pulmonary disease undergoing non-cardiothoracic surgery. 16 Sinclair et al 9 performed a prospective analysis of 17 638 postoperative outpatients after various surgical procedures. They reported that a 30-minute increase in duration of anesthesia increased the likelihood of postoperative nausea and vomiting by 59%, with an 11-fold higher odds of postoperative nausea and vomiting associated with general anesthesia compared to other forms of anesthesia. 10 Furthermore, increased anesthesia has also been associated with increased blood loss and requirement for blood transfusion. 19 Kim et al investigated 1305 free flap procedures from the NSQIP and reported that increased anesthesia time correlated with increased postoperative transfusions in free flap patients. 19 Dysphagia and dysphonia are other common complications that may occur following ACDF, with a reported incidence of up to 69%. [32] [33] [34] Possible mechanisms for postoperative dysphagia include recurrent laryngeal nerve injury, esophageal ischemia, reperfusion injury, as well as local soft tissue swelling. One limitation of the ACS-NSQIP database is that it does not capture procedure-specific complications such as dysphagia and dysphonia in the context of ACDF. However, prior studies have suggested that such complications may be significantly associated with operative duration. Rihn et al 35 prospectively investigated 38 patients who underwent either 1-level or 2-level ACDF. The authors reported a significant correlation between operative time and severity of postoperative dysphagia, but no significant associations were found between BMI, gender, location of surgery, and number of surgical levels with risk of postoperative dysphagia. With longer operative and anesthesia duration, the cervical vascular structures especially the laryngeal nerves are under considerable pressure and more likely to be traumatized, resulting in postoperative dysphagia and dysphonia. However, it should be noted that measuring dysphagia objectively remains challenging especially in the outpatient setting. There remains a lack of evidence evaluating the relationship between anesthesia duration and postoperative dysphagia. Future studies should seek to explore any possible associations.
Like other published studies utilizing national databases and registries, the strengths of the NSQIP is constrained by several limitations. Although a wide range of variables have been collected and analyzed, there is no data collected for outcomes such as volume of blood lost or transfused in a procedure, preoperative medications, patient-rated outcome scores, and radiological outcomes. Dysphagia and dysphonia are also important complications associated with ACDF that were not captured by the ACS-NSQIP database. Furthermore, the NSQIP database only collects 30-day outcomes and complication rates and will not capture long-term and late-onset complications. There is no way to differentiate whether ACDF patients had cervical radiculopathy or myelopathy, and outcomes can differ in these 2 patient populations. The levels of surgeon expertise, experience of house staff, and competence of outpatient centers/hospitals have not been accounted for in the analysis. CPT and ICD-9 codes are entered by certified coders, but may still be susceptible to miscoding or underreporting.
The current study does not suggest that lengthy procedures be avoided, but rather that anesthesia and procedure length be taken into account in conjunction with existing risk models and patient-specific factors when considering patient risk stratification for ACDF surgery.
Conclusions
Analysis of a large national database demonstrated that patients with significantly increased anesthesia duration have increased risk of overall complication rate, VTE, increased LOS, and return to the operating room. These results suggest that anesthesia duration should be taken into account when assessing patient risk for ACDF procedures. Time under anesthesia is a useful and easily measurable addition to the robust risk models already in use in orthopedic and spinal surgery.
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